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ABSTRACT

Hypothesis: Sensorineural hearing impairment with mitochondrial inheritance is a major cause of hereditary hea-
ring loss and the most important clinical cause, as the 1555 A-to-G mutation in mitochondrial 12SrRNA causes ami-
noglycoside-induced ototoxicity, as well as major phenotype abnormalities.
Material and methods: We retrospectively reviewed the records of 15 patients with bilateral, postlingual, sensori-
n e u ral hearing impairment and a pat t e rn of familial invo l vement consistent with mitoch o n d rial inheri t a n c e. Th e
patients were screened for the A1555G mutation in mitochondrial DNA.
Results: Peripheral blood screening tests identified the A1555G mutation in 8 patients, including 4 with a history
of aminoglycoside therapy. High-frequency hearing loss was the most common audiometric pattern.
Conclusion: The A1555G mutation may be a common cause of hearing impairment. In patients with familial sen-
s o ri n e u ral hearing impairment, a high level of suspicion for mitoch o n d rial inheritance should be maintained to ensure
that appropriate genetic tests are done and that aminoglycosides are not given to carriers of the mutation whose hea-
ring is still normal. 
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INTRODUCTION 

S e n s o ri n e u ral hearing impairment (SNHI) is common, and
about two thirds of cases of hearing loss in childhood are
due to genetic fa c t o rs. The causes of inherited heari n g
i m p a i rment are ex t re m e ly dive rse [1-2]. 

M u t ations in mitoch o n d rial DNA (mtDNA) can
cause both syndromic SNHI, for instance in MELAS syn-
d rome (mitoch o n d rial encep h a l o p at hy with lactic acido-
sis and stro ke - l i ke episodes) or Ke a rn s - S ay re syndro m e,
and nonsyndromic SNHI [3-4]. Mutations in mtDNA re s-
p o n s i ble for nonsyndromic SNHI have been identified in
the tRNA Ser (UCN) gene (T7510C [5] and T7511C [6])
and in the 12S rRNA gene (T1095C [7] and A1555G [8]).
A dditional mu t ations in mtDNA can cause either syndro-
mic or nonsyndromic SNHI; they include the A7445G
mu t ation in the nu cleotide adjacent to the tRNA Ser (UCN)
gene [9-10]. Another example is 7472insC (insertion of a
cytosine at position 7472) in the tRNA Ser (UCN) ge n e,
wh i ch causes either SNHI with ataxia, myo cl o nus, and
a rt h ro p at hy [11] or isolated SNHI [12].

The A1555G mu t ation may be the most common
m i t o ch o n d rial mu t ation [13]. It results in substitution of
a guanine for an adenine in the mtDNA gene coding fo r
12S ribosomal RNA. In most cases, the A1555G mu t a-
tion is associated with nonsyndromic SNHI, although one
fa m i ly had SNHI with SNHI with myo c a rd i o p at hy [14]. 

The prevalence of the A1555G mu t ation in
E u ropeans with SNHI va ries across studies from 0.5% to
2.4% [15-18]. In Spanish families with nonsyndro m i c
SNHI, howeve r, prevalences of 15% [19], 27.1% [20], and
28.5% [21] have been rep o rt e d. On the other hand, no
cases of A1555G we re found in 106 patients with SNHI
in Greece [22] or 202 patients with early-onset nonsyn-
d romic SNHI in the UK [23]. 

Thus, the true prevalence of the A1555G mu t at i o n
remains uncl e a r. Abundant evidence demonstrates that the
m t D NA A1555G mu t ation induces susceptibility to hea-
ring loss caused by ex p o s u re to aminog lycosides [8, 20,
24-28] in dosages that are usually safe for the coch l e a .
H oweve r, SNHI in patients with the mu t ation can deve-
lop in the absence of aminog lycoside ex p o s u re [5, 20, 28].
The auditory phenotype associated with the mu t at i o n
va ries widely, from normal audition to early-onset pro-
found hearing loss.

The objective of this study was to determine the pre-
valence of the A1555G mu t ation in the 12S rRNA ge n e
of mtDNA in patients with bilat e ral postlingual SNHI
h aving a pat t e rn of mat rilinear transmission consistent
with mitoch o n d rial inheri t a n c e. 

PATIENTS AND METHODS

Patients and fa m i l i e s

We re t ro s p e c t ive ly rev i ewed the medical re c o rds of
p atients managed at the Vall d’Heb ron General Hospital
in Barcelona for familial SNHI. We looked for pat i e n t s
with nonsyndro m i c, postlingual, bilat e ral SNHI affe c t i n g
at least two members of the fa m i ly and having a pat t e rn
of transmission consistent with mitoch o n d rial inheri t a n c e.
Patients with SNHI due to a nongenetic cause other than
a m i n og lycoside ex p o s u re we re not considered for the
s t u dy. We identified 15 patients meeting our inclusion cri-
t e ria. The patients we re Caucasians from 15 sep a rate fa m i-
lies whose ancestors came from va rious ge ograp h i c
regions, although all 15 patients resided in the same
region. Th e re we re 12 (80%) women and 3 (20%) men,
and mean age was 46 ye a rs (ra n ge, 19-78 ye a rs). 

M e t h o d s

We established the pedigree of each patient. A history of
a m i n og lycoside ex p o s u re or of tinnitus or ve rt i go wa s
sought and re c o rd e d. Each patient underwent an otosco-
pic ex a m i n ation and liminal tonal audiometry. Heari n g
i m p a i rment was defined as an inability to hear pure - t o n e
sounds of less than 30 dB in any of the frequencies tested.
S eve rity was determined according to American Medical
A s s o c i ation cri t e ria [29] as mild (21-39 dB), moderate (40-
69 dB), seve re (70-89 dB), or pro found (>90 dB).

M i t o ch o n d rial DNA tests

I n fo rmed consent to mtDNA testing was obtained in wri-
ting from each study participant prior to collection of a
p e ri p h e ral blood sample. Total DNA was ex t racted fro m
the sample using phenol/ch l o ro fo rm /isoamy l - a l c o h o l .
PCR amplifi c ation was perfo rmed using the fo r wa rd pri-
mer nt 1450-1470 and the reve rse primer nt 1721-1741.
The PCR fragment containing the 12S rRNA gene wa s
sequenced using the ABI Prism 410 sequencer (Ap p l i e d
Biosystems Inc, Foster City, CA). The DNA sequence wa s
examined manu a l ly and automat i c a l ly for the A1555G
mu t ation by comparing nu cleotide sequences to a re fe-
rence human mtDNA (Fi g u re 1). 

R E S U LT S

Of the 15 study participants, 8 (53.33%) had the A1555G
mu t ation in the 12S rRNA gene of mtDNA. Four of these
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p atients had a history of aminog lycoside use. The nu m-
ber of individuals with hearing loss in each of the 15 fa m i-
lies ra n ged from 2 to 19 (mean, 6.8) (Table I). The hea-
ring loss was mild in 2 patients, moderate in 2 pat i e n t s ,
s eve re in 4 patients, and pro found in 7 patients (Table II).
None of the 8 patients with the A1555G mu t ation had mild
or moderate hearing loss: 1 had seve re and 7 pro fo u n d
h e a ring loss. All 4 patients with the A1555G mu t ation and
a m i n og lycoside ex p o s u re had pro found hearing loss. In 2
of these 4 patients, the age at aminog lycoside was know n
(6 and 17 ye a rs, re s p e c t ive ly), and hearing loss occurre d
with the fi rst dose. In the other 2 patients, hearing loss
o c c u rred at 5 and 16 ye a rs of age, re s p e c t ive ly, but the
timing re l at ive to aminog lycoside use was not known. Age
at hearing loss onset was not known in the 4 patients with
the mu t ation but no known history of aminog lycoside use.  
High frequencies we re pre d o m i n a n t ly affe c t e d. Two of
these patients rep o rted continuous bilat e ral tinnitus, and
both established a link between aminog lycoside ex p o s u re
and the onset of tinnitus. Four patients rep o rted a history
of peri p h e ral ve rt i go; among them, 2 had been exposed to
a m i n og lycosides but established no link between this
ex p o s u re and the ve rt i go. These data suggest that amino-
g lycoside ototoxicity may not cause acute ve s t i bu l a r
d a m age in patients who have the A1555G mu t at i o n .

D I S C U S S I O N

The transmission of mtDNA occurs only through the
m o t h e r. Males re c e ive mtDNA mu t ations present in the
m at e rnal mtDNA but do not transmit it to their off s p ri n g. 

The prevalence of mitoch o n d rial mu t ations va ri e s
c o n s i d e rably across countries, and no comparat ive studies
a re ava i l abl e. We found the mu t ation in 8 (53.3%) of 15

p atients with nonsyndro m i c, bilat e ral, postlingual SNHI.
High prevalences of 15% to 30% have been rep o rted in
p atients with nonsyndromic familial SNHI in Spain [21-
23]. The higher prevalence in our study is ascri b able to
the fact that we included only patients whose pedigre e s
s u ggested a mat rilineal pat t e rn of inheri t a n c e.

The aminog lycoside class of antibiotics was intro-
duced on the market in the 1950s. Aminog lycosides are
i n ex p e n s ive and remain fi rst-line agents for the tre at m e n t
of common infections, including tuberculosis. Th ey are
w i d e ly used for postsurgical pro p hylaxis and for tre at i n g
s u rgical wound infections. Many studies have establ i s h e d
t h at aminog lycosides are ototoxic in patients who have
the mtDNA A1555G mu t ation [8, 20, 24-28].
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Figure 1: Mitochondrial DNA sequence with
substitution of a guanine for the adenine at
position 1555.

Table I: Results

M: male; F: female
AG : Aminoglycoside

Family Age Sexe Nb of AG A1555G +
( ye a rs ) relatives expo-

with sure
SNHI

1 47 F 8 yes yes
2 57 M 4 no no
3 45 F 4 no no
4 72 F 3 no no
5 43 F 4 no no
6 78 F 5 no yes
7 75 F 3 no no
8 47 F 16 no yes
9 51 M 5 yes yes

10 36 M 6 yes yes
11 33 F 9 no no
12 35 F 7 yes yes
13 25 F 7 no yes
14 19 F 2 no no
15 47 F 19 no yes

Table II: Severity of hearing impairment in
the 15 study patients

Patients(%)
Mild 2 (13.3%)
Moderate 2 (13.3%)
Severe 4 (26.6%)
Profound 4 (26.6%)
Cophose 3 (20.0%)
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A m i n og lycoside ototoxicity exists as two va riants, one
d o s e - d ependent and the other dose-indep e n d e n t .
O t o t oxicity in patients with the A1555G mu t ation is dose-
i n d ependent. All 4 patients exposed to aminog ly c o s i d e s
in our study had permanent, progre s s ive, and bilat e ra l
SNHI. The A1555G mu t ation increases the similari t i e s
b e t ween human 12S rRNA and its bacterial 16S homolog
s u s c ep t i ble to aminog lycosides. The result is incre a s e d
binding of the aminog lycoside to human 12S rRNA .
H oweve r, according to this hypothesis, cochlear damage
o c c u rs only upon ex p o s u re to aminog lycosides. A re a s o-
n able assumption is that the A1555G mu t ation leads to a
major re s p i rat o ry defi c i e n cy (indep e n d e n t ly from amino-
g lycoside ex p o s u re) re l ated to the pri m a ry mitoch o n d ri a l
t ra n s l ation defect and re s p o n s i ble for a decrease in AT P
p roduction by cochlear cells (hair cells and/or stria va s-
c u l a ris). This ATP decrease would dra m at i c a l ly affect ion
pump function and there fo re ion balance, wh i ch is cru-
cial to hearing function. In cell types with high ox i d at ive
p h o s p h o ry l ation re q u i rements, or in situations of energe-
tic stress, the 50% decrease in mitoch o n d rial protein syn-
thesis observed with the A1555G mu t ation may have
c at a s t rophic effects on the cell [8,30]. 

In our study, all 4 patients with a history of amino-
g lycoside ex p o s u re had pro found hearing loss. This ra i s e s
the issue of the need for routine mtDNA A1555G scre e-
ning befo re aminog lycoside administration. Given that
over half the patients in our study had the mu t ation, we
s u ggest that patients should be asked about their pers o n a l
and fa m i ly history of hearing impairment and that a pedi-
gree should be establ i s h e d. When the pedigree sugge s t s
m at rilineal inheritance of the hearing impairment, ami-
n og lycoside use should be avoided if possibl e, and pre fe-
rence should be given to other classes of antibiotics. Wh e n
a m i n og lycoside use is highly desirabl e, screening for the
mu t ation should be perfo rmed if the test is ava i l abl e.

The true prevalence of the mtDNA A1555G mu t a-
tion is not known. Seve ral screening options exist: ro u t i n e
s c reening at birth, screening befo re aminog lycoside use,
s c reening befo re aminog lycoside use in patients with fa m i-
lial SNHI, or screening in patients with familial SNHI and
a pedigree suggesting mat rilineal inheri t a n c e. Further dat a
on the prevalence of the A1555G mu t ation and eva l u at i o n
of the cost-effe c t iveness of each strat egy are needed. 

The ototoxic effects of aminog lycosides per se and
the effects of the A1555G mu t ation invo l ve diffe re n t
m e chanisms, wh i ch conve rge to cause death of the cilia-
ted cochlear cells. Hearing loss can occur in the ab s e n c e
of aminog lycoside use in patients with the A1555G mu t a-
tion. Thus, in our study 4 of the 8 patients with the mu t a-

tion had no known ex p o s u re to aminog ly c o s i d e s

C O N C L U S I O N

Maintaining a high level of clinical suspicion is essential
to the diagnosis of SNHI associated with the mtDNA
A1555G mu t ation. Establishing the diagnosis has major
i m p l i c ations for prevention: genetic counseling can be
o ffe red to females with the mu t ation, and both males and
females with the mu t ation but normal hearing can be wa r-
ned against aminog lycoside use. 
B e fo re pre s c ribing aminog lycoside therapy, phy s i c i a n s
should ask about a personal and familial history of hea-
ring loss. A pedigree should be established for pat i e n t s
with familial hearing loss. In patients with the A1555G
mu t ation, aminog lycoside use causes bilat e ral, pro fo u n d,
d o s e - i n d ependent SNHI. The mu t ation is associated with
e a rly-onset progre s s ive SNHI in the absence of amino-
g lycoside use.
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